Abstract. The inhabitants of a rural community in southwestern Germany were examined for alveolar echinococcosis (AE). The study was prompted by the recent increase of the prevalence of the parasite in foxes and the increase of fox populations: in the study area, 75% of the foxes carried Echinococcus multilocularis. The human population was screened using hepatic ultrasound and serology. All participants were interviewed for demographic and potential risk factors. Of 2,560 participants, one was identified with active AE, while 3 others had suspicious liver lesions. Another 9 participants were seropositive for specific antibodies without detectable lesions. Demographic and behavioral factors were not correlated with active or suspected cases nor with seropositivity. If the prevalence of 40/100,000 (95% confidence interval ϭ 15-295/100,000) for active cases would be representative for the rural population in high endemicity areas, the current number of AE cases in southwestern Germany is considerably higher than previously suspected.
Alveolar echinococcosis (AE), caused by the metacestode stage of the tapeworm Echinococcus multilocularis, is a potentially fatal zoonotic disease. It is transmitted to humans by eggs of the parasite, which may be present in the feces of foxes, dogs, or cats. 1, 2 Both humans and the natural intermediate hosts (rodents) acquire the infection by accidental ingestion of the eggs from the environment. Because of the long period of time (10 years or more) that may elapse between infection and the onset of symptoms, 3 there is uncertainty concerning the actual route of transmission. Contaminated foodstuffs from the environment eaten uncooked and infected dogs and cats carrying the tapeworm eggs in their fur are suspected to be important sources of infection. 4 In parts of Europe, AE seems to be an occupational hazard for farmers, 5, 6 who may be at risk by handling contaminated soil or by inhaling dust containing eggs during farming activities. The primary location of the parasite in humans is the liver, although metastases may form elsewhere in later stages of the disease. Cases diagnosed at this stage frequently prove inoperable and require life-long chemotherapy using benzimidazoles. 3, 7 Although widely distributed in the northern hemisphere, E. multilocularis infection is a serious public health problem in only a few places. This is the case, for example, in parts of Alaska and northern China, where domestic dogs are presumed to be the principal transmitters; the prevalence among the human population may locally reach 1% and 5%, re-spectively. In regions where the adult cestodes seem to be largely restricted to wild foxes (as is the case in central Europe and temperate North America), human cases are rare. In endemic areas of southern Germany, eastern France, and northern Switzerland, most investigators have reported or estimated prevalence rates ranging from 1 to 10/100,000, based on seroepidemiology or collection of clinical data. 5, 8, 9 In recent years, however, the epidemiologic situation of E. multilocularis in Europe has changed considerably. Not only have infected foxes been found in regions where the parasite was previously unknown (e.g., northern Germany, eastern Europe), but at least in parts of its classical range the biomass of the parasite has increased drastically. 10 This is due to sharply increasing fox populations (the number of foxes annually shot by hunters in southwestern Germany has risen from some 30,000 per year in the 1980s to some 100,000 in 1996) and to an increasing prevalence in foxes during the same period. In addition, wild foxes who previously were restricted to forests and agricultural land away from human habitations have now established large populations within villages and towns where they live in close contact with humans. 11 These developments have resulted in considerable public concern that the obviously increased infection pressure may in future lead to an increase in the number of patients. Such an increase has yet to be observed, though reliable prevalence data for this non-reportable and slowly progressing disease are difficult to obtain.
Previous surveys for AE in Europe relied on serology using various Echinococcus antigens, while imaging techniques (ultrasound and computerized tomography) were used to confirm the diagnosis. 6, 12, 13 Ultrasound is accepted to be the most sensitive and appropriate primary screening technique for cystic echinococcosis (CE) caused by E. granulosus, but to date has only been used in one major study in China to screen for AE. 14 In that survey, 16% of the patients FIGURE 1. Map of Baden-Württemberg in southwestern Germany showing the location of the municipality of Römerstein (elevation about 2,400 feet) within the county of Reutlingen, the counties of Baden-Baden and Rastatt, and the high plateau of the Swabian Jura. Indicated are the area size and the population density (number of inhabitants per km 2 ) (statistics from January 1, 1993). inh. ϭ inhabitants.
(6 of 37) could not have been diagnosed using either serology or sonography as the only screening technique.
A mass survey was performed in a rural community located in the central part of the Swabian Jura in southwestern Germany. In the present study, all participants were screened using both ultrasound and serology. In addition, all participants underwent an interview and filled out a questionnaire to identify possible risk factors. To assess the potential infection pressure to the inhabitants of the study area, the current prevalence of E. multilocularis in foxes was determined and put in perspective by comparison with previous data from the same area.
MATERIALS AND METHODS
Study area and population. The study was conducted in Römerstein, a rural community composed of 3 villages (total population ϭ 4,131) in the county of Reutlingen (BadenWürttemberg) whose structure, land use, and population density is representative for rural regions of the Swabian Jura ( Figure 1 ).
After thorough information was distributed through the local media by articles, posters, leaflets, and discussion rounds, and after approval by the Ethics Committee of the University of Ulm, written consent was obtained from all adult participants and from parents of minors (six years and older) who agreed to participate. The study population was screened in November and December 1996.
Semi-standardized interview. All participants took part in a semi-standardized interview using a questionnaire to recognize possible factors associated with the presence of echinococcosis and/or seroreactivity to Echinococcus antigens (i.e., reared in the region, agricultural occupation, ownership of dogs and cats, hunting, frequent consumption of raw garden products or wild berries and herbs). In addition, data were obtained on age, gender, body mass, blood pressure, previous diseases, prescribed drugs, and alcohol/tobacco consumption. This was part of a general health check-up offered to the villagers free of charge for their participation.
Ultrasound examinations. Parallel examinations were carried out using 4 ultrasound units: a Sonoline 400 unit with a 3.5 mHz curved array probe (Siemens AG, Erlangen, Germany), and an Ultramark 9 HDI or 2 Apogee 800 units (all supplied by Advanced Technology Laboratories, Bothell, WA), each equipped with 3.5 and 5.0 mHz transducers. The units were installed for 2 weeks in each of the participating villages. Participants were asked to refrain from smoking, eating, and drinking 3-4 hr prior to examination, which took place in the evening hours from 5:00 PM to 9:00 PM. The examination of the liver and gallbladder was performed in supine position. Circumscribed hepatic lesions were classified according to the criteria of Nisenbaum and Rowling. 15 Hyperechoic, inhomogeneous, and calcified lesions, as well as microcalcifications and poorly demarcated atypical hepatic lesions, were considered possible sonographic signs for AE. Suspicious findings were re-examined by an experienced second examiner. Liver dimensions and any unusual findings were documented.
Blood collection. Twenty microliters of whole blood and 10 ml of blood coagulated with EDTA were drawn from each participant, stored at 4ЊC overnight, and processed within 18 hr after collection. All parameters mandatory for blood donations were tested in accordance with current guidelines. 16 In addition, commercial assays for alanine-aminotransferase, hepatitis B surface antigen, and antibodies to hepatitis C virus were done. The serum was stored in microwell plates in 250-l aliquots at Ϫ80ЊC until further testing for antibodies to Echinococcus.
Serology. For seroscreening, 2 ELISAs using different crude antigens were used. Antigen Emc was prepared from E. multilocularis metacestode tissue grown intraperitoneally in a laboratory strain of common voles as described previously. 17 Antigen Emf was vesicular fluid of E. multilocularis metacestodes grown in vitro. 18 Microwell plates were coated using protein concentrations of 4 g/ml of antigen Emc and 4 g/ml of antigen Emf. All further steps were identical: test serum was used at a standard dilution of 1:200, and the conjugate used was rabbit anti-human IgG-horseradish peroxidase at a concentration of 1:10,000. Tetramethylbenzidine dihydrochloride served as substrate, and the extinction was read at an absorbance of 450 nm. The cut-off-point for positivity was set at the mean extinction value of 30 standard sera plus 3 SD.
Crude antigen ELISAs, although sensitive, are known to exhibit a certain degree of non-specificity. 19 Therefore, positive serum samples in one of the screening ELISAs were tested in addition with ELISAs using purified Em2 and recombinant Em10 and Em II/3-10 E. multilocularis antigens as described elsewhere. 13, 20, 21 The commercially available E. multilocularis ELISA kit (Bordier Affinity Products SA, Crissier, Switzerland) was used according to the instructions of the producer. Although cross-reactivity of these tests has been observed, their non-specificity is strongly reduced. They will be referred to as specific ELISAs.
For comparison, 204 sera of blood donors from an area of anticipated low endemicity in the upper Rhine valley (county of Rastatt, Figure 1 ) were screened using the same ELISAs.
Confirmatory investigations and hospitalization. Participants in whom ultrasound returned findings of circumscribed, focal hepatic lesions suspicious for AE as well as individuals screening seropositive were referred to the outpatient clinic at the University Hospital and Medical Clinic in Ulm. Clinical examination and blood tests including confirmatory specific serology were performed. Ultrasound was repeated under optimal conditions using a high resolution Ultramark 9 HD unit. Computerized tomography (CT) scans of the upper abdomen were obtained if necessary. Patients with presumptive diagnosis of AE were admitted to the hospital, underwent thorough examinations and were referred for surgery if indicated.
Confirmation of diagnosis. Active AE was verified by clinical, imaging, serologic, histopathologic, and polymerase chain reaction (PCR) examinations. Tissue samples obtained during laparotomy were examined for the presence of metacestode structures by histopathology. In addition, a nested PCR specific for E. multilocularis and hybridization of the amplicons with a DNA probe was performed as described elsewhere. 22 When imaging, serologic, histopathologic, and PCR results were not in accordance, or further examinations were not applicable, participants were recorded as suspected cases without a diagnosis of AE.
Examination of foxes for E. multilocularis. Carcasses of foxes shot in the vicinity of Römerstein were obtained directly from local hunters, while fox carcasses from the area of Baden-Baden and Rastatt (Rhine valley) were obtained from the government veterinary laboratories in Heidelberg. In the laboratory, the animals' small intestines were removed, incised with gut scissors and visually inspected for the presence of adult E. multilocularis. After removal of coarse intestinal contents, smear samples were taken from locations at 10-cm intervals by scraping the mucosa with glass strips that were applied to square polystyrene Petri dishes. 23 The samples were examined with a stereoscopic microscope at 8ϫ to 50ϫ magnification. All procedures were performed under appropriate and legally required safety conditions.
Statistical analysis. Data were evaluated by descriptivestatistical methods. To assess the classification obtained by ultrasound and serology, the sensitivity, specificity, positive and negative predictive values, and their exact confidence intervals (CIs) were calculated. Analysis was done with SAS and Statexact software.
RESULTS

Prevalence of E. multilocularis in foxes. From March to
October 1995 (about 1 year before the screening of the human population), 53 foxes shot within the borders of the township of Römerstein were examined for the presence of E. multilocularis. Forty were positive, corresponding to a prevalence of 75% (95% CI ϭ 61-86%). If foxes from neighboring municipalities within the county of Reutlingen are included, 125 of 188 foxes carried E. multilocularis (prevalence ϭ 66%, 95% CI ϭ 59-73%).
From September 1995 to November 1998, 185 foxes from the counties of Baden-Baden and Rastatt (upper Rhine valley) were examined, 28 of which carried E. multilocularis (prevalence ϭ 15%, 95% CI ϭ 10-21%).
Demographic characteristics. The study sample of 2,560 inhabitants of Römerstein comprised 66.6% of the target population Ն 6 years of age (n ϭ 3,841) and was unbiased for age and gender ( Figure 2 ). Thus, a representative sample of the population was examined. Typical for rural communities, 99.1% of the study population were of German nationality, and 83.5% had grown up in the area of the Swabian Jura or lived there for a long time. Of the study sample, 623 adult participants were regular blood donors of the German Red Cross.
Screening examinations. During primary ultrasound screening, 2 of 2,560 participants showed circumscribed, hyperechoic, inhomogeneous, and/or calcified structures within the liver and were therefore suspected of having AE. In 10 (6) 33 (3) 5 (1) 38 (4) 2,523 (3) 17 (7) 2,540 (10) * Testing was done by ELISAs. Cut-off points for both ELISAs was the mean optical density value plus 3 times the standard deviation (SD) of 30 negative control sera. Values in parentheses the number of sera reacting against specific antigens (Em2, Em10, EmII/3-10). 2,490 samples negative in ELISAs with Emc or Emf were not tested with specific antigens. additional cases, AE was considered a less likely differential diagnosis; further information obtained from the participants and/or their physicians led to the diagnosis of 4 cases with typical hemangioma, 2 cases with irregular hemangioma, 2 cases with focal nodular hyperplasia, and 1 case with hematoma and a liver metastasis of an unknown primary tumor, respectively. Thus, 2 cases were suspected of having AE on the basis of imaging findings.
Blood samples from 20 participants could not be obtained or processed for technical reasons, leaving 2,540 participants who were screened by both ultrasound and serology. Of these, 50 participants reacted seropositive in at least 1 of the 2 screening ELISAs with Emc and Emf antigens, with 33 showing reactivity for Emf, 12 for Emc, and only 5 for both antigens ( Table 1) . Ten of the screening seropositive individuals also reacted in at least 1 of the tests with Em2, Em10, or EmII/3-10 antigens (Tables 1 and 2) .
Confirmatory examinations. Fifty-one participants with suspicious findings in ultrasound and/or serologic screening were invited for re-examination. In all cases the serologic results of the initial and the second serum sample remained unchanged. Of the 2 cases suspected of having AE on the basis of primary ultrasound, 1 was also positive by screening and specific serologic tests, while 1 was totally seronegative. On ultrasound re-examination, 2 screening seropositive individuals were identified as having liver lesions compatible with inactive AE; in both cases, specific serology was negative. In the remaining 47 screening seropositive individuals (including 8 reactors with Em2, Em10, or EmII/3-10 ELISAs), active AE or hepatic lesions were excluded on clinical, ultrasound, and laboratory re-examinations.
Ultrasound and serologic findings of 13 participants with suspicious liver lesions and/or positive specific serology are summarized in Table 2 .
Active and suspected cases. One of 2,540 participants was diagnosed with active AE. This 50-year-old man was symptomatic and had been receiving treatment for primary biliary cirrhosis, a diagnosis erroneously maintained for 5 years. Thus, AE was newly detected during screening showing an advanced lesion in segments VIII and IV, which at subsequent surgery, was difficult to resect totally. Histopathology was diagnostic, and all 8 samples from the resected tissue were positive by an E. multilocularis-specific PCR and a DNA probe.
Two participants were re-examined because screening seropositivity revealed lesions on ultrasound suggestive of abortive or inactive AE. A calcified liver lesion of 2.3 ϫ 1.4 cm in diameter was detected by ultrasound performed under optimal conditions in a 56-year-old man. Thorough investigations excluded other possible differential diagnoses, i.e., solitary metastasis of a colon tumour or a tuberculous lesion. His medical history indicated cardiovascular diseases. An artificial heart valve and continuous anticoagulation prevented further diagnostic work-up, including fine-needle puncture of the liver lesion. Specific serology was negative. Further ultrasound follow-up examinations of this patient revealed an unchanged liver lesion 1 and 2 years later. Sparse microcalcifications within the liver were found in a 62-yearold man and were confirmed by high-sensitivity CT; they remained unchanged during follow-up after 1 and 2 years. In both cases, the combination of calcified liver lesions and screening seropositivity led us to suspect abortive AE as the most likely diagnosis, although it could not be verified.
A 25-year-old woman presented during ultrasound screening with a 6 ϫ 5 ϫ 3 cm sized inhomogeneous liver lesion in segments IV and V. She was asymptomatic. Screening serology and specific serology were negative. On re-examination, additional imaging techniques and clinical investigations were non-diagnostic. Fine-needle puncture recovered non-diagnostic material. Surgery was recommended. Intraoperative ultrasound examination confirmed the irregular structure of the lesion. Macroscopic and histopathologic aspects of the resected lesion uncovered a pronounced fatty degeneration, but no signs of a metacestode. Two of nine samples taken from the resected tissue gave positive signals with a E. multilocularis-specific PCR and a DNA probe. However, we refrain from diagnosing AE based on PCR alone without convincing supportive evidence from other diagnostic methods.
Prevalence. One of 2,540 participants was diagnosed with active AE, corresponding to a prevalence of 40/100,000 (95% CI ϭ 15-295/100,000).
Control group. To compare the number of seroreactors between the highly endemic Römerstein area and an area of ) were tested with the same serologic methods. Two of 204 sera reacted positive in screening, but negative in specific serology, which amounts to a seroprevalence of 0.98% (95% CI ϭ 0.12-3.51%). This was compared with the subgroup of regular blood donors in Römerstein (n ϭ 623). This subgroup contained 7 screening seropositive individuals (seroprevalence ϭ 1.12%, 95% CI ϭ 0.44-2.31%), 2 of which were also positive with specific serology. Due to the overlapping confidence intervals, differences did not reach statistical significance.
Demographic and epidemiologic risk factors. An analysis was done to search for the frequency of seroreactivity and AE cases among different classes of age and gender. No statistically significant clustering was found (Table 3 ). In addition, the prevalence of potential risk factors assessed in the questionnaire was determined among seroreactors (screening and specific) and cases. No single factor showed significant correlation with any of the 3 groups of seropositive individuals or confirmed cases (Table 4) .
DISCUSSION
In previous studies, screening of human populations for the presence of AE was almost exclusively done by serology; only seroreactors were subjected to confirmatory investigations with imaging methods. Purified and crude antigens have been used for screening; the investigators of a recent study in France who had used both crude and the specific Em2 antigen to screen 7,884 people recommended a combination of Em2 and crude antigen for primary screening. 6 In this study, 2 unpurified antigens of different origin were used in parallel for screening. Only 5 of 50 screening seroreactors tested positive with both antigens. While 7 (41%) of 17 Emc-reactors also tested positive with at least 1 specific antigen, this rate was much lower with Emf (4 of 38, 11%) (Tables 1 and 2 ). Seroreactivity against E. multilocularis antigens (especially the specific Em2, EmII/3-10, and Em10) without a detectable presence of AE of is most often explained as a sign for contact with E. multilocularis (uptake of eggs or development of early, possibly aborting stages), and not as the result of cross-reactivity. 19 Therefore, the number of seroreactors could be considered as an indication of infection pressure on a given population. While the results of Emc-ELISA correlated satisfactorily with the specific tests, this was not the case with the Emf-ELISA. If Emf had been used as the only screening antigen, 6 of 10 sera that subsequently tested positive with specific tests would have been missed, compared with 3 missed by using Emc only. Based on the results of this survey we would recommend the use of both antigens for population screening to detect the maximum number of cases.
Imaging techniques (ultrasound) have been used for primary screening in combination with serology in only 1 previous survey for AE in China. 14 The investigators concluded the desirability of combining both methods for screening since 6 of 37 diagnosed cases would have been missed by using only 1 method. Our own results are somewhat ambiguous; while the only case with active AE was detected both by primary ultrasound and serology, 2 of the 3 cases classified as suspected were missed by primary ultrasound and were only found during re-examination of seroreactors. One suspected case was missed by seroscreening; however, since no diagnosis could be made in this case, the importance of the negative serology remains doubtful.
One major problem encountered in the course of this study was establishing a diagnosis in cases where various diagnostic methods disagreed. Of the 4 cases suspected of having AE, only 1 could be diagnosed with confidence. Two cases had liver calcifications and were seropositive by crude antigen ELISAs, but negative by specific ELISAs. Tissue specimens could not be obtained. To keep in line with the current concept of case definition, a diagnosis of AE was not made. It is known, however, that even active AE cases may be seronegative by specific antigen tests. 6, 25, 26 We therefore believe that the absence of positive Em2, Em10, or EmII/3-10 test results does in no way exclude the possibility of abortive AE. The fourth suspected case was seronegative even by the screening ELISAs and presented with the typical ultrasound image of a large irregular liver lesion compatible with AE. However, the CT was not supportive and histopathology was negative, while the PCR amplified specific DNA from only 2 of 9 tissue samples from the lesion removed during surgery. Since macroscopic, intraoperative examination showed inhomogeneously distributed liver lesions and the tissue sample obtained during surgery was divided for independent histopathologic and DNA analysis, the histopathologic specimens may not have contained AE material present elsewhere. The PCR system and the DNA probe was shown to be specific for E. multilocularis DNA, 22 the result being reproducible and controlled for contamination. The method, however, has not yet been evaluated using sufficient numbers of AE samples of human origin, so we refrain from basing the diagnosis on PCR as the sole confirming method.
Case definition of AE has been debated for several years. 6, 27 Active disease is most evident and referred to in several cohort studies. 6, 28 Inactive lesions, however, are not well described and often, as in our study, difficult to confirm. Our prevalence calculations are based only on the case with active AE. We consider this the most reasonable procedure, especially when prevalence figures are taken as a basis for estimation of the economic impact of the disease. Only active AE will eventually lead to considerable public expense caused by treatment and disability. This has to be taken into account, however, when comparing our results with published prevalence figures from previous surveys where in most cases no distinction was made between active and inactive cases.
The prevalence for active cases found in this study was 40/100,000 (95% CI ϭ 15-295/100,000). These data indicate that the prevalence in southwestern Germany is considerably higher than previously assumed; published prevalence rates and estimates for high endemicity regions of southern Germany and northern Switzerland range from 2.4/100,000 up to 12/100,000. 5, 9, 13, 29 The epidemiologic situation prevailing in the study area (Ͼ 50% prevalence in foxes, landscape pattern, and lifestyle of the population) is typical for some 30% of the total land area of Baden-Württemberg inhabited by about 15-20% of the total population of 10 million. One previous survey in the same region found a similar rate a decade earlier (45/100,000; one case among 2,200 people). 30 Nevertheless, the prevalence found is far higher than expected and should be cause for concern, especially since little information exists on the development pattern and time of the parasite in humans, and the nature of echinococcal lesions presumed to be abortive. There is an urgent need to monitor the AE prevalence in the exposed population, and the figures presented here will be useful as baseline data for follow-up surveys. There is only 1 European study from eastern France where a considerably higher prevalence of AE (152/100,000) was reported. 6 In contrast to our prevalence for Römerstein, the French prevalence included cases with inactive AE. When comparing the results, it must also be noted that the participants in our study were representative for the total population Ͼ 6 years of age without any noticeable bias towards a profession, while in France only adults with an agricultural background were surveyed. Since agricultural activity was found to be a risk factor for AE by several investigators, 5,31 the French figures are unlikely to be representative for the total population of that region.
Apart from the clinical diagnosis of the disease, the frequency of serum antibodies against E. multilocularis may indicate the frequency of contact with antigen (e.g. ingestion of eggs). While the crude antigens Emc and Emf exhibit a moderate level of non-specificity that makes such a correlation uncertain, for the antigens Em2, EmII/3-10, and Em10 a high level of species specificity is reported. In our study population, 8 participants reacted to Em2 (Em2 seroprevalence ϭ 315/100,000). This compares to Em2 seroprevalences of 42/100,000 found during a serosurvey of 12,000 blood donors in northern Switzerland, 13 and of 1,319/ 100,000 among a suspected risk group (adults with an agricultural occupation) in eastern France. 6 Therefore, seroprevalence among our rural study population was intermediate between the seroprevalence among a supposed risk group and the seroprevalence among a blood donor population from a larger region of high endemicity (which includes the urban population).
Domestic dogs and cats occasionally become carriers of E. multilocularis by eating wild voles in areas of high prevalence in foxes, and may locally play an important role by transmitting the parasite to humans (Gottstein B and others, unpublished data). However, there is no evidence that a domestic life cycle exists in Europe independently of the wildlife cycle between foxes and voles; in a recent coprodiagnostic survey in a high endemicity area of Switzerland, only 0.3% of 660 normally kept dogs and 0.8% of 130 free-roaming cats were found infected. 32 Therefore, it is most appropriate to use the prevalence of the parasite in foxes as an approximation for the basic infection pressure on humans in a given area, disregarding any possible influence of human habits. In the vicinity of the study area (county of Reutlingen), the established prevalence in foxes (66%; 95% CI ϭ 59-73%) is far higher than previous prevalence figures from the same area: in the period of 1974 to 1984, examinations of 368 foxes showed a prevalence of 25% (95% CI ϭ 20-30%). 33 This increase cannot be explained by slightly differing examination methods between the 2 studies. Increasing prevalence rates of E. multilocularis in foxes in the recent past have also been reported from other areas of southwestern Germany. [34] [35] [36] Within southwestern Germany, the upper Rhine Valley has long been considered the region of lowest endemicity for E. multilocularis. Our survey of 185 foxes with a resulting prevalence of 15% (95% CI ϭ 10-21%) is in agreement with previous studies from 1974 onwards. 24 It is interesting to note that no specific seroreactor was among 204 human blood donor sera from this area, compared with 2 specific seroreactors among 623 blood donors from the Römerstein study population. However, the small absolute frequencies do not allow any conclusion on this difference.
Based on retrospective case studies or theoretical considerations, several factors have in the past been suspected to increase the risk for AE. Eating of wild berries, herbs, and uncooked mushrooms from forests, which was put forward as a hypothetical infection route for humans, 37 could never be substantiated as a true risk factor. Based on retrospective case studies, agricultural occupation was reported as a risk factor in Austria and Bavaria. 5, 31 Recently, a case-control study with 21 AE patients from Austria identified cat ownership and hunting in forests as independent risk factors, while agricultural activity was not identified as high-risk. 4 In our study, none of the factors mentioned was found to be significantly correlated with seroreactors or cases. It has to be noted, however, that the retrospective studies mentioned were based on confirmed AE cases, while in our study the risk was largely evaluated with seroreactors. Therefore, although our study does not confirm any of the previous findings, our data do not provide the basis to disprove them. In the light of such contradictory results, case-control-studies with larger numbers of AE cases from different backgrounds are urgently required.
In Germany, there is increasing public demand for intervention against the transmission of AE, which is perceived as an unacceptable risk to health. Field trials are presently underway to determine the feasibility of E. multilocularis control by chemotherapy of wild foxes. [38] [39] [40] To justify the expense of such programs, reliable information on the public health impact of this disease is urgently required. From the data presented here (with 2 million people in southwestern Germany living in rural high endemicity areas, and a prevalence of 40/100,000) we expect, as a conservative estimate, approximately 800 cases in southwestern Germany (BadenWürttemberg). Benzimidazole costs alone for 1 AE patient per year were determined to range from US$ 5,500 to 17,800, 41 while total treatment costs for life for 1 case of AE are estimated to be some 300,000 US$. These numbers have to be considered when discussing the cost of preventive measures (e.g., treatment of foxes or screening programs for the population at risk).
